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The total synthesis of biphenomycin A is described. Two of the five
stereogenic centres were formed by enantioselective hydrogenation
of the corresponding didehydroamino acids using the rho-
dium-DIPAMP catalyst and the two stereogenic centres of the
a-amino-B-hydroxy unit were created by enantioselective hydrogen-
ation using the ruthenium-BINAP catalyst or via a stereoselective
aldol condensation, respectively. The biphenyl structural element
was constructed by a palladium(0)-catalyzed coupling reaction. The
15-membered ansa ring was closed in 85% yield by use of the
appropriate, linear pentafluorophenyl ester in the two phase system
chloroform/aqueous sodium hydrogen carbonate.

We have previously reported the preparation of diisotyro-
sine dimethyl ether, the construction of a simple model
compound for biphenomycin B,* and the total synthesis
of the cyclopeptide biphenomycin B (1b).*3 The latter
compound exhibits a highly potent antibiotic activity
against Gram-positive, f-lactam-resistant bacteria. In the
meantime, competing groups have reported®® several
preparations of simpler analogues of these therapeutical-
ly interesting antibiotics but no total syntheses of the
natural compounds were achieved by other research
teams. The major metabolite from the culture filtrate of
Streptomyces griseorubiginosus No. 43708 is biphenomy-
cin A (1a)° ~ ! which contains an additional stereogenic

centre, i.e. the biphenyl unit represents the dimer-type
coupling product of (S)-o-hydroxyphenylalanine with
(2S,3R)-0-hydroxyphenylserine.!? We have also publish-
ed the synthesis of biphenomycin A'® (1a) in a prelimi-
nary communication. In that report, the phenylserine
part was constructed with the help of the Evans method.
We now present the experimental details and describe a
further method for the construction of the a-amino-f-
hydroxy acid via ruthenium-BINAP-catalyzed hydrogen-
ation of an appropriate a-amino-f-oxo acid.
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The biphenyl moiety is constructed by the palladium-
(0)-catalyzed coupling reaction of an arylboronic acid'®
or an arylzinc derivative,'” respectively, with the appro-
priate aryl bromide. In the course of the synthesis, it is
necessary to mask two phenolic hydroxy groups, two
amino groups, two hydroxy groups, and one carboxy
group with protecting groups that are compatible with
those of the amino functions of the hydroxyornithine and
the one carboxy function of the hydroxydiisotyrosine
which have to be cleaved in the course of the construction
of the peptide. In the ring-closure reaction, the two
hydroxy groups remain unmasked.

Synthesis of Hydroxydiisotyrosine by Ruthenium-BINAP-
Catalyzed Hydrogenation

The present preparation of a protected (R)-hydroxy-
(8,S)-diisotyrosine is based on the enantio- and diastereo-
selective hydrogenation of a racemic a-acylamino-f-oxo
acid ester which gives rise to an optically active a-acylami-
no-B-hydroxy acid ester with the threo configuration by
use of Noyori’s catalyst system.!®

The reaction sequence is shown in Scheme 1. Starting
material is the biphenyl compound 5, easily obtained by
palladium(0)-coupling'” from the zinc derivative 3, which
is prepared in turn from the bromide 2, with the iodide 4.
The planned conversion of the carboxylate to a f-oxo
ester, the oxime formation, and the reduction to the
a-amino-f-oxo acid ester failed at the reduction stage. A
smooth, one-step synthesis of the a-amino-p-oxo ester 8 is
provided by the reaction of the carboxylic acid chloride 7
with the dilithium derivative of methyl terz-butoxycarb-
onylaminomalonate. This reaction is generally suitable
for the preparation of a-acylamino-g-oxo esters. For the
hydrogenation of the p-oxo compound 8, we used the
catalyst (R)-[RuCl(p-cymene) (BINAP)]*Cl~ (BI-
NAP = 2,2-bis(diphenylphosphino)-1,1-binaphthyl)
which is easily accessible by simply mixing the compo-
nents.'® High enantio- and diastereoselectivities are only
achieved when the solutions of the substrates and catalyst
contain only very little methanol. When the methanol
content increases, the hydrogenation rate increases while
the stereoselectivity decreases. After cleavage of the acetal
to the aldehyde 10, condensation with a suitably protec-
ted (dialkoxyphosphoryl)glycine ester?® furnished the
(Z)-didehydroamino acid derivative 11 in very good
diastereoselectivity?! (Z >98%). The hydrogenation
with the optically active catalyst?? (R,R)-[Rh(1,5-COD)-
(DIPAMP)]* [BF,]~ {COD = cycloocta-1,5-diene, DI-
PAMP = (R,R)-1,2-bis[2-(2-methoxyphenyl)phenylphos-
phinojethane} proceeded with high enantio- or diastereo-
selectivity, respectively, to yield the hydroxydiisotyrosine
12. The steric course of these reactions can be monitored
by chromatography. The diastereoselectivity in the BI-
NAP hydrogenation was estimated by chromatographic
separation of the isomers as 95: 5 (erythro : threo) and the
enantioselectivity as 95:5 (R,S:S,R, HPLC Pirkle co-
lumn). The mixture of enantiomers was employed for
further reactions. A preparative separation was successful

only at the stage of the diastereomeric dipeptides 21a and
21b.
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Synthesis of Hydroxydiisotyrosine by the Enolate Method

The reaction sequence is illustrated in Scheme 2. The aryl
bromide 16 represents a completely protected 2-hydr-
oxy-5-bromophenylserine and can be prepared via 15 by
the Evans method.?? The palladium(0)-catalyzed coup-
ling of 16 with the boronic acid 17 containing an un-
protected aldehyde function gives rise to the biphenyl
derivative 18. The stated reaction conditions must be
followed exactly during the preparation of the boronic
acid. The Boc-oxazolidinone 18 can be cleaved easily to
10 by treatment with cesium carbonate. The aldehyde is
then converted to the hydroxydiisotyrosine derivative 12
as described above.
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The diastereoselectivity of the condensation to the oxazo-
lidinethione was very high (> 98%). Diastereomers
could not be detected in the crude product by HPLC. The
13C NMR spectrum was completely uniform. However,
the yields are lower than those from the former route.
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Construction of the Linear Peptide and the Ring Closure
Reaction

The construction of the linear substrate for the ring
closure reaction was achieved in analogy to the synthesis
of biphenomycin B starting from the hydroxyornithine
derivative 192 (Scheme 3). The only exception is that the
free carboxy group is now protected as a methyl ester
(instead of a benzyl ester as in the biphenomycin B
synthesis). The unwanted enantiomer from the BINAP
hydrogenation was removed at the stage of the diastereo-
meric dipeptide esters 21a and 21b. The ring closure
reaction of the w-aminopentafluorophenyl ester in the
two phase system chloroform/aqueous sodium hydrogen
carbonate occurred within 3 hours to give a yield of 85 %.
This procedure has been our method of choice for several
years.?® Alternative processes in the synthesis of simpler
model compounds operating under high dilution condi-
tions furnish lower yields (Lit.%: 37 %; Lit.”: 40 %; Lit.%:
21%). After saponification of the methyl ester, the benzyl
protecting groups were removed by treatment with
trimethylsilyl bromide/thioanisole in trifluoroacetic
acid.?® The synthetic product thus obtained was separa-
ted by reversed-phase chromatography and then lyophili-
zed. It is identical in all respects with the naturally
occurring compound.

'H NMR spectra were recorded on a Bruker AC-F (250 MHz), '°C
NMR spectra on a Bruker AC-F (63 MHz) spectrometer. Optical
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rotation values were determined with a Perkin-Elmer 241 polarime-
ter. Melting points (Reichert microscope) are uncorrected. TLC was
done onsilica gel (Merck Silica 60 F s, sheets) and medium pressure
column chromatography using Merck LiChroprep Si 60 (15-25 p}.
HPLC was carried out with a LKB Instrument and a silica gel
column (Merck LiChroCART (250-4 mm), LiChroSorb Si 60,7 u, or
LiChroSorb RP 18,7 y). Prep-HPLC was done with a Latek (Prep
5000) Instrument using a column (300 x 20 mm, RP 18, 10 u, Fa.
Latek). The MS spectra were recorded on a Finnigan MAT 95.
Compounds 4-6, 8—12, 15-18, 20, 21a and 23 gave satisfactory
microanalyses (C +0.32, H+0.17, N+ 0.17, Br £ 0.07, I + 0.18).

2-Benzyloxy-5-iodobenzoic Acid:

To a stirred solution of 2-benzyloxy-5-iodobenzaldehyde® (30 g,
88.8 mmol) and amidosulfonic acid (12.06 g, 124.2 mmol) in diox-
ane/H,0 (240mL, 5:1), a solution of NaClO, (12g, 80%,
106.2 mmol) in H,0 (160 mL) was added dropwise at r.t. The

Downloaded by: Simon Fraser University Library. Copyrighted material.



December 1992

mixture was stirred for 30 min, dioxane was evaporated and the
residue was extracted with EtOAc (3 x 50 mL). The combined
organic layers were dried (MgSO,) and evaporated in vacuo.
Recrystallization of the residue from hexane afforded 2-benzylo-
xy-5-iodobenzoic acid; yield 28.6 g (92 %); mp 72-75°C.

'H NMR (CDCl,/TMS): 6 = 5.28 (5,2 H), 6.89(d, 1 H, J = 8.8 Hz),
742 (s, SH), 7.81 (dd, 1H, J=25, 8.7Hz), 846 (d, 1H,
J =2.4Hz), 10.7 (br s, 1 H).

Methyl 2-Benzyloxy-5-iodobenzoate (4):

A solution of 2-benzyloxy-5-iodobenzoic acid (28 g, 79 mmol) in
MeOH (30 mL) was treated with diazomethane (ca. 0.5 M solution
in Et,0) until the mixture remained yellow. After addition of AcOH
(2 drops to decompose the excess diazomethane), the solvent was
evaporated and the residue was distilled under reduced pressure to
give the methyl ester 4; yield: 28.5 g (98 %); bp 175°C/0.001 mbar.
'H NMR (CDCl,/TMS): § = 3.89 (s, 3H), 5.16 (s,2H), 6.77(d, 1 H,
J = 8.8 Hz),7.25-7.50 (m, 5 H), 7.68 (dd, 1 H, J = 2.4, 8.7 Hz), 8.09
(d, 1H, J = 2.4 Hz).

4,4'-Dibenzyloxy-3-(1,3-dioxan-2-yl)-3'-(methoxycarbonyl)biphenyl
5):

To magnesium turnings (2.48 g, 102 mmol) in THF (10 mL), one
third of a solution of 2° (35.57 g, 101.9 mmol) in THF (100 mL) was
added. The mixture was heated and the reaction was initiated with a
crystal of iodine. The remaining aryl halide solution was added
dropwise under reflux. After refluxing for 2 h, the solution was
cooled to r.t.. To this Grignard reagent, anhydrous ZnCl, (13.9¢g,
102 mmol) was added cautiously and the mixture was refluxed for
th.

In a second flask 1M solution of diisobutylaluminum hydride
(DIBAL-H) (6.79mL in hexane) was added to a suspension of
(Ph;P),PdCl, (2.38 g, 3.39 mmol) in THF (100 mL). The mixture
was stirred for 10 min, a solution of 4 (25 g, 67.9 mmol) in THF
(100 mL) was added followed by the arylzinc halide suspension 3
prepared above. The mixture was stirred for 15h at r.t. and the
solvent was evaporated. The residue was dissolved in a mixture of
CH,Cl, (300 mL) and sat. ag NH,Cl (300 mL). The separated
aqueous layer was extracted with CH,Cl, (2 x 100 mL), the combi-
ned organic layers were dried (MgSO,) and evaporated. The crude
product was purified by column chromatography over silica gel
(eluent: hexane/EtOAc/CH,Cl, 7:2:1) and recrystallized from
EtOAc/hexane to give 5; yield: 17.2 g (50 %); mp 151-154°C.

'H NMR (CDCl,/TMS): 6 = 1.53 (m, 1H), 2.27 (m, 1 H), 3.92 (s,
3H),4.01(dt,2H,J = 2.2,12.3 Hz),4.27(dd, 2 H, J = 4.2,11.7 Hz),
5.14(s,2H), 5.20(s,2H), 5.97 (s, 1 H), 6.97(d, 1 H,J = 8.7 Hz),7.03
(d, 1H, J = 8.7Hz), 7.25-7.52 (m, 11 H), 7.63 (dd, 1H, J = 24,
8.7Hz), 7.85 (d, 1 H, J = 2.4 Hz), 8.04 (d, 1 H, J = 2.4 Hz).

4,4’-Dibenzyloxy—3-(1,3—dioxan-2-yl)-3’-carboxybiphenyl 6):

A mixture of 5 (13.2g, 25.8 mmol) in dioxane (200 mL) and
LiOH - H,0 (2.17 g, 51.7 mmol) in H,0 (70 mL) was treated in an
ultrasonic bath at r.t. for 5 h. Then the mixture was stirred at 50°C
for 15h. The dioxane was evaporated, the aqueous residue was
acidified with 1M H,SO, (35mL) and extracted with EtOAc
(3 x 50 mL). The organic layers were dried (MgSO,) and evaporated
in vacuo. The product was purified by column chromatography on
silica gel (eluent: hexane/EtOAc/CH,Cl,, 2: 7: 1) and recrystallized
from EtOAc/hexane to give 6; yield: 11.5 g (90 %); mp 142—144°C.
"H NMR (CDCl,/TMS): § = 1.44 (m, 1 H), 2.28 (m, 1 H), 4.02 (dt,
2H,J = 21,122 Hz),4.27(dd, 2H, J = 5.0, 11.0 Hz), 5.15 (s, 2 H),
5.32 (s, 2H), 597 (5, 1H), 6.99 (d, 1H, J = 8.6 Hz), 7.15 (d, 1 H,
J =8.7Hz),7.25-7.50(m, 11 H),7.77(dd, 1 H,J = 2.5, 8.6 Hz, 7.89
(d, 1H, J=2.5Hz), 8.44 (d, 1H, J = 2.5 Hz), 10.85 (br s, 1 H).

(tert-Butoxycarbonylamino)malonic Acid Monomethyl Ester:

To a stirred solution of dimethyl aminomalonate hydrochloride
(10 g, 54.5 mmol) and di-ter-butyl dicarbonate (11.9 g, 54.5 mmol)
wasadded 1 M aq KHCO, (55 mL) over a period of 1 h. The mixture
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was stirred for 24 h at r.t., dioxane was evaported in vacuo and the
aqueous layer was extracted with EtOAc (3 x 50 mL). The combined
organic layers were dried (MgSO,) and evaporated. The residue was
purified by silica gel chromatography (eluent: hexane/EtOAc, 7:3)
to give dimethyl (fert-butyloxycarbonylamino)malonate; yield: 11 g
(81 %).

'"HNMR (CDCl1,/TMS):é = 1.45(s,9H), 3.82(s,6 H), 5.00(d, 1 H,
J=178Hz),5.59 (br d, 1H, J = 7.5 Hz).

A solution of dimethyl (zert-butyloxycarbonylamino)malonate
(10.5 g, 42.5 mmol) in dioxane (50 mL) was treated with 1 M aq.
NaOH (42.5 mL) over a period of 3 h. The mixture was stirred for
15h at r.t. and dioxane was evaporated in vacuo. The aqueous
residue was washed with Et,0 (50 mL), then diluted with EtOAc
(50 mL), acidified with 1M H,S0, (25mL) at 0°C (stirring),
separated and extracted with EtOAc (2 x 50 mL). The combined
organic layers were dried (MgSQ,), concentrated and dried in vacuo
(0.001 mbar); yield: 9 g (91 %); oil.

CoH,sNO, calc. C 4635 H 648 N 6.01

(233.2) found 46.43 6.74 6.34

"H NMR (DMSO-dg/TMS): 6 = 1.38 (s, 9 H), 3.68 (s, 3 H), 4.74 (d,
1H, J=89Hz), 7.48 (d, 1H, J = 8.0 Hz).

4,4-Dibenzyloxy-3-|(R,S)-2-(tert-butoxycarbonylamino)-2-methoxy-
carbonyl)-1-oxoethyl]-3'(1,3-dioxan-2-yl)bipheny! (8):

To a stirred solution of 6 (3.7 g, 7.45 mmol) in anhydrous CH,Cl,
(10mL), 1-chloro-1-(N,N-dimethylamino)-2-methyl-1-propene?’
(1 mL, 7.49 mmol) was added at 0°C. The mixture was stirred at this
temperature for 15 min and then used immediately without isolation
of the acid chloride 7. In a second flask, a solution of
(tert-butyloxycarbonylamino)malonic acid monomethyl ester
(3.5 g, 14.9mmol) in anhydrous THF (100 mL) was treated with
1.6 M BuLi in hexane (18.6 mL, 29.8 mmol) at — 70°C. After
stirring for 20 min at — 70°C, the acid chloride 7 was added over a
period of 10 min. The mixture was allowed to warm to r.t. slowly,
stirred well, kept at r.t. for 15h and concentrated in vacuo. The
residue was dissolved in EtOAc (50 mL), washed with 0.5 M H,SO,
(5mL, 0°C) and 1M aq KHCO, (20 mL), dried (MgSO,) and
concentrated in vacuo. The crude product was purified by MPLC
(eluent: hexane/EtOAc/CH,Cl,, 7:2:1) to give 8 as a colourless
foam; yield: 4.1 g (82%).

'H NMR (CDCl,/TMS): § = 1.43 (s, 9H), 1.95 (m, 1 H), 2.27 (m,
1H), 3.59 (s, 3H), 4.00 (dt, 2H, J = 2.3, 12.0 Hz), 4.26 (dd, 2H,
J=35.0, 109Hz), 514 (s, 2H), 526 (s, 2H), 5.83 (d, 1H,
J=17.8Hz), 5.95 (s, 1 H), 6.08 (d, 1 H, J = 8.0 Hz), 6.96 (d, 1 H,
J=8.6Hz),6.98(d, 1 H,J = 8.6 Hz), 7.25-7.50 (m, 11 H), 7.65 (dd,
1H, J=24, 86Hz), 7.83 (d, 1H, J=24Hz), 793 (d, 1H,
J=24Hz).

4,4"-Dibenzyloxy-3-|(S)-2-(tert-butoxycarbonylamino)-2-methoxy-
carbonyl-(R)-1-hydroxyethyl]-3'-(1,3-dioxan-2-yl)biphenyl (9):

A solution of 8 (1g, 1.5mmol) and a solution of (R)-(RuCl
(p-cymene)BINAP]CI (0.3 mL, 0.038 molar in MeOH/CH,Cl,,
3:1)'? in CH,Cl, (10 mL) was hydrogenated under stirring in a high
pressure vessel (Roth) at 50 bar H, and 50°C for 3d. After
evaporation of the solvent, the residue was purified by MPLC
(hexane/EtOAc/CH,Cl,, 6:3:1) to give the anti-diastereoisomers
(50 mg) and the desired syn-1-hydroxy-2-amino-diastereoisomers 9
(870 mg); total yield: 920 mg (92 %); ds = 95 %; ee = 90 %, enantio-
meric excess of the syn-product was determined by HPLC (Pirkel
DNPG-column, eluent: hexane/EtOAc, 6:4; (1S,2R)-enantiomer:
R, = 6.5 min, (1R,2S5)-enantiomer: R, = 8§ min).

'H NMR (CDCl,/TMS): § = 1.27 (s, 9H), 1.75 (m, 1 H), 2.18 (m,
1H),3.40(s,3H), 3.45(br, 1 H), 3.93 (dt,2H,J = 2.2,12.2 Hz), 4.19
(dd, 2H, J = 4.2, 11.7 Hz), 4.69 (m, 1 H), 5.06 (s, 4H), 5.23 (br s,
1H), 531 (d, 1H, J=8.0Hz), 588 (s, 1H), 6.86 (d, 1H,
J=285Hz),6.88(d, 1 H, J = 8.6 Hz), 7.20-7.50 (m, 12 H), 7.46 (d,
1H, J=22Hz), 775 (d, 1H, J = 2.4 Hz).
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4,4-Dibenzyloxy-3-[(S)-2(tert-butoxycarbonylamino)-2-methoxycar-
bonyl)-(R)-1-hydroxyethyllbiphenyl-3'-carbaldehyde (10):

A solution of 9 (800 mg; 1.2 mmol) in AcOH/H,O (20 mL, 9/1) was
stirred at 50°C for 3 h. After evaporation of the solvent, the residue
was dissolved in EtOAc, washed with 1 M ag KHCO, (20 mL), dried
(MgS0,) and evaporated. The product was purified by silica gel
chromatography (eluent: hexane/EtOAc/CH,Cl,, 6: 3: 1) and dried
in vacuo (0.001 mbar) to give 10; yield: 710 mg (97 %); colourless
foam; [o]3° +23.4° (c = 0.96, CHCI,), 90% ee [10, prepared by
Evans method: [a)2° + 26.1° (¢ = 0.8, CHCL,)).

'H NMR (CDCl,/TMS): 6 = 1.22 (s, 9H), 2.94 (br s, 1 H), 3.74 (s,
3H), 481 (d, 1H, J = 9.5Hz), 5.06-5.18 (m, 4H), 540 (d, 1H,
J = 9.6 Hz), 5.66 (brs, 1 H), 6.98 (d, 1H, J = 8.5Hz), 7.09 (d, 1 H,
J =18.7THz),7.25-7.50 (m, 11 H), 7.63(d, 1 H, J = 2.2 Hz), 7.72 (dd,
1H, J=25,8.7Hz), 8.03 (d, 1 H, J = 2.2 Hz), 10.58 (s, 1 H).

4,4-Dibenzyloxy-3-((S)-2-(terr-butoxycarbonylamino)-2-(methoxy-

carbonyl)-(R)-1-hydroxyethyl]-3'-[(Z)-2-(benzyloxycarbonylamino)-
2-(trimethylsilylethoxycarbonyl)vinyl]biphenyl (11):

To a solution of ¥-trimethylsilylethyl 2-(benzyloxycarbonylami-
n0)-2-(dimethoxyphosphoryljacetate®*! (690 mg, 1.65 mmol) and
tetramethylguanidine (173 mg, 1.5 mmol) in anhydrous THF (5 mL)
10 (660 mg, 1.08 mmol) was added at — 70°C. The mixture was
allowed to warm up to — 30°C within 5h and was kept at this
temperature for 2d. After another 15h at r.t., the solution was
diluted with EtOAc (30 mL), washed with 0.5 M H,SO, (3 mL) and
1 Maq KHCO, (10 mL), dried (MgSO,) and concentrated in vacuo.
The residue was filtered through silica gel (eluent: hexane/
EtOAc/CH,Cl,, 4.5:4.5:1) to yield the didehydroamino acid
derivative 11 (925 mg, 95%) which was used for the DIPAMP-
hydrogenation without further purification. E/Z ratio = 2:98;
purity >99% determined by HPLC (R,z = 5.37 min, R,, = 6.53
min, eluent: hexane/EtOAc, 70: 30).

'H NMR (CDCI,/TMS): § = 0.03 (s, 9 H), 0.99—1.04 (m, 2 H), 1.21
(s, 9H), 3.73 (s, 3H), 427 (t, 2H, J=84Hz), 479 (d, 1H,
J=8.4Hz), 5.07-5.27 (m, TH), 5.45 (br s, 1 H), 5.60 (br s, 1 H),
6.87-6.99 (m, 3H), 7.22-7.55 (m, 19H), 7.74 (s, 1 H).

3-[(S)-2-(Benzyloxycarbonylamino)-z-(trimethylsﬂylethoxycar-
bonyl)ethyl|-3’-[(S)-2-(tert-butoxycarbonylamino)-Z-(methoxycar-
bonyl)-(R)-1-hydroxyethyi]-4,4"-dibenzyloxybiphenyl (12):

A solution of 11 (850 mg, 0.94 mmol) in MeOH/CH,Cl, (16 mL,
3:1), containing (R,R)-[Rh(1.5-COD) (DIPAMP)]* BF,; (20 mg),
was hydrogenated (3 bar) at r.t. over 2d. The mixture was
evaporated and the residue was filtered through silica gel (eluent:
hexane/EtOAc/CH,Cl, 7:2:1); yield: 720 mg (85 %); []2° + 22.5°
(¢ = 1.3, CHCl,;). Compound 12 prepared by Evans method: [x]2°
+24.2 (c = 0.88, CHCL,).

'H NMR (CDCL/TMS): § = —0.01 (s, 9H), 0.90 (t, 2H,
J =8.4 Hz), 1.25 (s, 9H), 2.32 (br s, 1 H), 3.09 (dd, 1H, J = 8.6,
13.6 Hz), 3.25 (dd, 1 H, J = 4.8, 13.6 Hz), 3.74 (s, 3H), 4.04-4.24
(m,2H), 4.56-4.61 (m, 1 H),4.82 (brd, 1 H,J = 7.4 Hz),4.95-5.18
(m, 6H), 537 (d, 1H, J = 8.9 Hz), 5.62 (m, 2H), 6.93 (dd, 2H,
J =20, 8.5Hz), 7.15-7.50 (m, 18 H), 7.56 (d, 1H, J = 2.0 Hz).

(S')—4-Benzyl-3-[(R)-5~(2-benzyloxy-S-bromo)phenyl-Z—thioxo-(S)-4—
oxazolidinylcarbonylloxazolidin-2-one (15):

To a suspension of Sn(OTf), (1.43g, 2.99 mmofi) in THF (30 mL),
N-ethylpiperidine (511 uL, 3.71 mmol) and (45)-4-benzyl-3-isothio-
Cyanatoacetyl-2-oxazolidinone (13;22 961 mg, 2.99 mmol) in THF
(3mL) were added at — 78°C. The resulting yellow solution was
stirred for another 90 min at — 78 °C, then 2-benzyloxy-5-bromo-
benzaldehyde (14;° 721 mg, 2.47 mmol) was added and stirring was
continued for 2 h. To the stirred cold solution, 1 M NH,Cl1 (30 mL)
was added and the mixture was allowed to warm to r.t. The solvent
was distilled and the residue was treated with a mixture of EtOAc
(200mL) and 1M KHSO, (100 mL). The organic layer was
separated, dried (MgSO,), concentrated and filtered through silica
gel using hexane/EtOAc (7: 3) to afford the product 15, pure enough
for further reactions. For analytical data a sample (100 mg) was
purified by MPLC (cluent; hexane/BtOAc, 75:25); yield: 1.05 g
(75%); [alg? + 102.9° (¢ = 0.97, CHCl,).

SYNTHESIS

'H NMR (CDCl,/TMS): 6 = 2.83 (dd, 1 H, J = 8.2, 13.5 Hz), 3.10
(dd, 1H, J = 3.0, 13.5 Hz), 3.99 (dd, 1 H, J = 8.0, 8.2 Hz), 4.02 (m,
1H), 4.16 (dd, 1H, J = 2.1, 8.2 Hz), 4.92 (d, 1 H, J = 10.9 Hz), 4.99
(m, 1H), 5.02 (d, 1 H, J = 10.9 Hz), 6.66 (d, 1 H, J = 4.4 Hz), 6.89
(d, 1H, J = 8.8 Hz), 7.11-7.13 (m, 2 H), 7.27-7.60 (m, 11 H).

13C NMR (63 MHz, CDCl,): § = 188.02, 165.15, 153.66, 153.56,
135.53, 134.10, 132.86, 129.44, 129.15, 128.63, 128.54, 128.45,
127.81, 113.87, 113.24, 78.00, 70.76, 67.40, 63.67, 54.84, 37.24.

(R)-5-(2-Benzyloxy-5-bromo)phenyl-3-tert-butoxycarbonyl-(S)-4-
(methoxycarbonyl)oxazolidin-2-one (16):

To MeOH (5mL), 3 M MeMgBr in Et,0 (0.91 mL) was added. The
resulting suspension was added to a solution of 15 (1.44 g, 2.5 mmol)
in a mixture of MeOH (10 mL) and CH,Cl, (10 mL) at 0°C. Stirring
was continued for 3 min, then 1 M KHSO, (10 mL) was added and
the organic solvent was distilled. The residue was extracted with
CH,Cl, (2x50mL), the combined organic layers were dried
(MgS0,) and concentrated in vacuo. Recrystallization from hexa-
ne/EtOAc gave analytically pure (R)-5-(2-benzyloxy-5-bromo)phe-
nyl (S)-4-(methoxycarbonyl)oxazolidin-2-thione; yield: 950 mg
(90%); mp 79-80°C; [a]2® + 21.8° (c = 0.45, CHCI,).

"HNMR (CDCl,/TMS): 6 = 3.58 (s, 3H), 4.45(d, 1 H, J = 5.4 Hz),
5.05 (s, 2H), 6.14 (d, 1H, J=5.4Hz), 6.88 (d, 1H, J = 8.6 Hz),
7.35-7.48 (m, 7H), 8.06 (s, br, 1 H).

To a solution of the above oxazolidin-2-thione (200 mg, 0.47 mmol)
in CH,Cl, (20 mL), di-ferr-butyldicarbonate (114 mg, 0.52 mmol)
and a catalytical amount of DMAP were added. After 10 min, the
resulting organic solution was diluted with CH,Cl, (50 mL) and
washed with 1M KHSO, (10 mL). The organic layer was dried
{MgSQ,) and concentrated in vacuo to afford the (R)-5-(2-benzyl-
0xy-5-bromo)phenyl-3-tert-butoxycarbonyl-(S)-4-(methoxycarbo-
nyljoxazolidin-2-thione, pure enough for further reactions. For
analytical data a sample (100 mg) was purified by MPLC (eluent:
hexane/EtOAc, 8:2); yield: 221 mg (90 %); [2]3° ~3.2° (c = 0.46,
CHCl,).

"HNMR (CDCl;/TMS): 6 = 1.47 (s, 9H), 3.58 (s,3H),4.80(d, 1 H,
J=49Hz),509(d,2H,J = 1.3Hz),5.73(d,  H, J = 4.9 Hz), 6.88
(d, 1H, J =8.5Hz), 7.34-7.49 (m, 7H).

To a solution of (R)-5-(2-benzyloxy-5-bromo)phenyl-3-terz-butoxy-
carbonyl-(S)-4-(methoxycarbonyl)oxazolidin-2-thione (221 mg,
0.42mmol) in CH,Cl, (10mL), 30% H,0, (1mL) and 95%
HCO,H (1 mL) were added at 0°C. Stirring was continued for 30
min, then CH,Cl, (50 mL) and 1 M Na,CO, (100 mL) were added.
The organic layer was separated, dried (MgSO0,) and concentrated in
vacuo. The residue was crystallized from hexane/EtOAc to afford
16; yield: 193 mg (73 % from 15); [o]2° +5.5° (¢ = 0.36, CHCl,).

'HNMR (CDCl,/TMS): § = 1.46 (s, 9 H), 3.54 (s,3H),4.56(d, 1 H,
J=4.1Hz), 5.09 (s, 2H), 5.55 (d, 1H, J = 4.1 Hz), 6.88 (d, 1 H,
J=9.3Hz), 7.30-7.46 (m, 7H).

13C NMR (63 MHz, CDCl,): 6 = 169.24, 154.44, 150.90, 148.47,
135.54, 133.32, 129.37, 128.82, 128.55, 127.82, 127.27, 113.83,
113.47, 84.12, 72.54, 70.87, 62.66, 52.83, 27.82.

4-Benzyloxy-3-formylphenylboronic Acid an:

To magnesium turnings (2.78 g, 115 mmol) one third of a solution of
2-(2'-benzyloxy-5'-bromo)phenyl-1,3-dioxane (10 g, 28.6 mmol) in
THF (30 mmol) was added. The mixture was heated and the reaction
was nitiated with 1,2-dibromoethane (5 drops). The remaining aryl
halide solution was added dropwise under reflux. After heating for
an additional 30 min, the solution was cooled to r.t. This Grignard
solution and a solution of trimethylborate (2.98g, 28.6 mmol) in
THF (30 mL) were added to precooled THF (70 mL, — 78°C)
simultaneously over a period of 1 h. The mixture was stirred for
another 5 h during which the temperature rose to — 40°C.

The cooling bath was removed and the mixture was stirred for a
further 10 min before the reaction was hydrolyzed with 3 M NH,Cl
(10 mL). The mixture was evaporated in vacuo, to the residue was
added H,0 (300 mL) and the suspension was acidified (pH 3-4)
with 2 M HCI. The mixture was refluxed for 10 min and filtered hot
through a filter paper. The filtrate was collected and the residue

Downloaded by: Simon Fraser University Library. Copyrighted material.



December 1992

including the filter paper was extracted with boiling H,O
(15 x 300 mL containing each 5 drops of 2 M HCI). The combined
filtrates were allowed to cool to r.t. to precipitate the product 17. The
solid was filtered by suction and dried in vacuo; yield: 5.13 g (70 %);
mp 199-200°C.

'H NMR (acetone-dg/TMS): § = 5.35 (s, 2H), 7.20~7.47 (m, 6 H),
757 (d, 1H, J=8.7Hz), 7.59 (d, 1H, J = 1.8 Hz), 8.11 (dd, 1 H,
J=18,84Hz),8.30(d, 1H, J = 1.8 Hz).

4,4"-Dibenzyloxy-3'-{(S,S)-/N-tert-butoxycarbonyl)-4-(methoxycar-
bonyl-2-0x0-1,3-0xazolidin-5-yl}biphenyl-3-carbaldehyde (18):

To a solution of 16 (193 mg, 0.38 mmol) in THF (2 mL) was added 17
(147 mg, 0.57 mmot). After complete dissolution, (Ph,P),Pd (13 mg,
0.12 mmol) was added and the mixture was heated to reflux for 1 h.
To the boiling solution, 2M Na,CO;, (250 uL) was added and
refluxing was continued for 24 h. The solvent was evaporated, the
residue was dissolved in EtOAc (50 mL) and washed with H,0
(10 mL). The organic layer was dried (MgSO,) and concentrated in
vacuo. Final purification was achieved by MPLC (eluent: hex-
ane/EtOAc, 7:3) yield: 122mg (50%); [«]2° + 34.5° (¢ = 0.29,
CHCL,). 'H NMR (CDCl,/TMS): 6 = 1.46 (s, 9H), 3.57 (s, 3H),
4.66 (d, 1H, J=4.4Hz), 515 (s, 2H), 5.24 (s, 2H), 5.63 (d, 1H,
J=44Hz), 707 (4, 1H, J=8.5Hz), 712 (d, 1H, J = 8.7 Hz),
7.30-7.54 (m, 11 H), 7.56 (dd, 1H, J = 2.4, 8.5Hz), 7.71 (dd, 1 H,
J=25,87Hz), 8.02(d, 1H, J=2.5Hz), 10.6 (s, 1 H).

4,4-Dibenzyloxy-3-[(S)-2-(tert-butoxycarbonylamino)-2-(methoxy-
carbonyl)-(R)-1-hydroxyethyljbiphenyl-3-carbaldehyde (10):

To a stirred solution of 18 (120 mg, 0.19 mmol) in MeOH (50 mL)
was added Cs,CO;, (10 mg, 0.031 mmol) and stirring was continued
for 2 h. The solvent was distilled, the residue was dissolved in Et,0
(50 mL) and washed with 1 M KHSO, (10 mL). The etheral layer
was dried (MgSO,), concentrated and filtered through silica gel
(eluent: hexane/EtOAc, 7:3) to give 10; yield: 93 mg, (80 %); [«]2°
+26.1° (¢ = 0.80, CHCl,). '

The 'H NMR data are identical with the product 10 prepared by
BINAP-hydrogenation.

Dipeptide of 3-[(S)-2-Amino-2-(methoxycarbonyl)-(R)-1-hydroxy-
ethyl}-3'-[(5)-2-(benzyloxycarbonylamino)-2-(trimethylsilylethoxy-
carbonyl)ethyl]-4,4"-dibenzyloxybipheny! and (R)-3-Benzyloxycarb-
onyl-5-{(S)-N-tert-butoxycarbonylalanin-3-yl]-2,2-dimethyl-1,3-
oxazolidine (20):

To a solution of 12 (550 mg, 0.6 mmol) in CH,Cl, (5 mL) was added
6 M HClin dioxane (5 mL) at 0°C. The mixture was stirred at r. t. for
30 min and concentrated in vacuo. The residue was dissolved in
CH,CI,/1 M aq KHCO, (40 mL, 1:1) and the separated aqueous
layer was extracted with CH,Cl, (2 x 20 mL). The combined organic
layers were dried (MgSO,) and evaporated. To a solution of the
residue were added (R)-3-benzyloxycarbonyl-5-[(S)-N-tert-butoxy-
carbonylalanin-3-yl]-2,2-dimethyl-1,3-oxazoline ~ (19; 304 mg,
0.72mmol), and hydroxybenzotriazole (97 mg, 0.72mmol) in
CH,Cl; 3mL) and MN-ethyl-N'-(3-dimethylaminopropyl)carbodi-
imide hydrochloride (EDCI) (138 mg, 0.72 mmol) at — 10°C. The
stirred mixture was warmed to r.t. over 15 h, the solvent evaporated
and the residue dissolved in EtOAc (20 mL). The organic phase was
washed with 0.5M H,80, (3mL, 0°C) and 1M aq KHCO,
(10 mL), dried (MgSO,), evaporated and the residue was purified by
column chromatography on silica gel (eluent:
hexane/EtOAc/CH,Cl,, 5:4:1) to afford 20; yield: 660 mg (91 %);
[]3° + 7.0° (¢ = 0.7, CHCl,). Compound 20 prepared by the Evans
method: (]2’ + 7.8° (¢ = 0.9, CHCl,).

"HNMR (CDCI,/TMS): 6 = 0.00 (s, 9 H), 0.90 (t,2H, J = 8.2 Hz),
1.24-2.08 (m, 17H), 2.91 (m, 1 H), 3.09 (m, 1 H), 3.28 (m, 1 H), 3.62
(m, 1H), 3.72 (s, 3 H), 4.00-4.30 (m, 4 H), 4.63 (m, 1 H), 4.95-5.37
(m, 11 H), 5.60~5.80 (m, 2H), 6.93 (d, 2H, J = 8.5 Hz), 7.07 (br d,
1H, J = 9.7Hz), 7.00-7.65 (m, 24 H).

SYNTHESIS 1253

Dipeptide of 3-(S)-2-Amino-2-(methoxycarbonyl)-(R)-1-hydroxy-
ethyl]-3'-{(5)-2-benzyloxycarbonylamino)-2-trimethylsilylethoxycar-
bonyDethyl]-4,4'-dibenzyloxybiphenyl and «-N-Benzyloxycarbonyl-
(S5)-2-N-tert-butoxycarbonyl-(R)-4-hydroxyornithine (21a) and Its
Diastereoisomer (75,8R,115,145,24R) (21b):

A solution of 20 (650 mg, 0.54 mmol) in AcOH/H,0 (20mL, 9:1)
was stirred for 4 h at 50°C. The acid was evaporated, the residue was
dissolved in EtOAc (30 mL), washed with 1 M aq. KHCO, (20 mL),
dried (MgSO,) and evaporated. Small amounts of the diastereoiso-
mer 21b (arised by the BINAP hydrogenation) were separated by
MPLC (eluent: hexane/EtOAc/CH,Cl,, 4:5: 1). 21 a, yield: 450 mg
(711 %); 21b, yield: 25 mg (4%).

HPLC: R, = 5.50 min, R, ,,, = 8.35min (eluent: hexane/EtOAc,
1:1).

21a: [o]2° +13.0° (c = 1.9, CHCL,).

'H NMR (DMSO-d,/TMS): § = 0.00 (s, 6 H), 0.02 (s, 3H), 0.83 (t,
2H, J = 8.4Hz), 1.31 (s, 9H), 1.00-1.60 (m, 2H), 2.78-3.00 (m,
3H), 3.28 (m,1H), 3.67 (s, 3H), 4.01 (m, 1H), 409 (t, 2H,
J = 8.4 Hz),4.45(m, 1 H), 4.67 (br, 1 H), 4.89—-5.10 (m, 6 H), 5.19 (s,
2H), 5.22 (s, 2H), 5.60 (br s, 1 H), 5.94 (br s, 1 H), 6.87 (br d, 1 H,
J =79 Hz), 6.95-7.80 (m, 27 H).

The product is identical in every respect with 21a prepared by the
Evans method.

Protected Biphenomycin A (23):

To a stirred solution of 21a (500 mg, 0.43 mmol in DMF (3 mL) was
added Bu,NF - 3H,0 (272 mg, 0.86 mmol) at r.t. and the mixture
was stirred at this temperature for 2 h. After addition of H,O/EtOAc
(30 mL, 1:1), the mixture was acidified with 0.5 M H,SO,, (2 mL) at
0°C, the aqueous layer was separated and extracted with EtOAc
(2 x 20 mL). The combined organic layers were dried (MgSO,) and
evaporated in vacuo to give 24; vield: 440 mg (96 %).

To a stirred solution of 24 (440 mg, 0.41 mmol) and pentafluorophe-
nol (83 mg, 0.45 mmol) in CH,Cl, (2 mL) was added EDCI (86 mg,
45 mmol) at — 10°C. The solution was warmed to r.t. over 15 h and
the solvent was evaporated. The residue was dissolved in EtOAc
(20 mL), washed with brine (10 mL), dried (MgSO,) and evapora-
ted. The obtained pentafluorophenyl ester 22 (yield: 505 mg, quant.)
was used for the ring closure reaction without further purification. A
solution of 22 (505 mg, 0.41 mmol) in CH,Cl, (5 mL) was treated
with 6 M HCl in dioxane (5 mL) at 0°C. The mixture was stirred for
30 min at r.t., concentrated in vacuo and the solution of the residue
in CHCl, (40 mL) was added to a well stirred mixture of CHCl;/1 M
agq. KHCO, (200 mL, 1:1) at r.t.. The mixture was stirred at this
temperature for 2 h and after further 30 min of stirring at 50°C, the
obtained solid was filtered, washed with H,0 (30 mL) and CHClI,
(30 mL) and dried in vacuo to yield 23 (200 mg). The aqueous layer
of the filtrate was separated and extracted with bot CHCl,
(3 x 40 mL). The combined organic layers were dried (MgSO,) and
evaporated in vacuo. The residue was stirred with EtOAc (10 mL)
for 10 min and the resulting solid was filtered to give another 150 mg
of 23; total yield: 350 mg (85 % from 21a); mp 282°C (dec); [¢}2°
+6.0° (c=0.58, DMSO), HPLC: R, =6.60 min (cluent:
EtOAc/hexane, 8:2).

'H NMR (DMSO-d,/TMS): § = 1.52 (m, 1 H), 1.89 (m, 1 H), 2.93
(d, 1H, J = 12.9 Hz), 3.08 (m, 2 H), 3.34 (m,1 H), 3.68 (s, 3 H), 3.72
(m, 1H), 447 (br, 1H), 471 (d, 1H, J=9.7Hz), 485 (d, 1 H,
J =124 Hz),4.96 (d, 1 H,J = 12.4 Hz), 498 (m, 1 H), 5.03 (s, 2 H),
5.06-5.17 (m, 3H), 5.22 (s, 2H), 5.86 (m, 2H), 6.59 (d, 1H,
J =173 Hz), 7.00-7.12 (m, 3H), 7.20-7.60 (m, 24 H), 8.63 (d, 1 H,
J=9.6Hz),8.72(d, 1H, J = 9.1 Hz).

Biphenomycin A (1a):

The protected biphenomycin A 23 (180 mg, 0.19 mmol) was dissol-
ved in hot dioxane (15mL). After addition of H,0 (2mL) the
mixture was cooled to 10°C and treated with 1 M LiOH (0.2 mL)
over a period of 2 h. After stirring for another 30 min, the solvent
was evaporated in vacuo. The residue was treated with H,0 (10 mL)
and 0.5 M H,S0, (0.5 mL) in an ultrasonic bath at r.t. for 10 min.
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The solid was filtered, washed with H,O (10 mL), Et,O (10 mL) and
dried in vacuo (0.001 mbar) to give the acid 24; yield: 170 mg (95 %).
A solution of thioanisole (1.17 mL, 10 mmol) and bromotrimethylsi-
lane (0.13 mL, 1 mmol) in CF;CO,H (10 mL) prepared at 0°C was
added to the acid 24 at 0°C and the mixture was stirred at this
temperature for { h. The reaction mixture was quenched with Et,O
(60 mL) and stirred for another 10 min at 0°C. The solid was filtered,
washed with Et,0 (3 x 10 mL) and dissolved in water (20 mL). The
aqueous solution was washed with EtOAc (5 mL) and concentrated
in vacuo. The crude product (120 mg) was purified by preparative
HPLC (RP 18, buffered NH,CO,H/MeCN, 8:2), buffer: 20 mmol
NH,CO,H in 1 L H,0) and the fraction containing product 1a was
freeze dried; yield: 65mg (70 %); mp > 200°C (dec); [o]20 — 29°
(¢ = 0.14,1 M HCI). Natural product: [¢]2° = — 22.5° (¢ = 0.1, 1M
HCI).

HPLC: R, = 3.2 min (RP 18; eluent: as previously described for
preparative HPLC; natural product: R, = 3.2 min).

Ton Spray MS: 689 (M +M)™.

'H NMR (D,0): § = 1.89-2.14 (m, 2H), 2.97 (dd, 1 H, J = 10,
13 Hz), 3.07 (m, 1 H), 3.17 (dd, 1 H, J = 2.7, 13 Hz); 3.58 (dd, 1 H,
J=15.1,15Hz), 4.04 (m, 1 H), 4.44 (br, 1 H), 4.88 (s, 1 H), 5.03 (dd,
1H, J =6.1, 9.8 Hz), 5.84 (s, 1 H), 6.95--7.01 (m, 3 H), 7.39-8.46
(m, 3H).

The 'H NMR spectrum (D,0) of the synthetic product 1a is
completely identical with that of a natural sample supplied by Dr. M.
Shirahashi.

Support of this research work by BASF AG, the Fonds der Chemischen
Industrie, the Deutsche Forschungsgemeinschaft and the Land Ba-
den-Wiirttemberg is gratefully acknowledged. We thank Dr. M.
Shirahashi, Fujisawa Pharmaceutical Co., Ltd. for a sample of natural
biphenomycin A and Professor Dr. G. Jung and Dr. J. Metzger,
Universitdt Tiibingen, for mass spectra, Dr. P. Fischer for NMR
spectra and T. Grdther for help and encouragement.

(1) Part IV: Schmidt, U.; Leitenberger, V.; Meyer, R.; Griesser, H.
J. Chem. Soc., Chem. Commun., 1991, 951.

(2) Amino Acids and Peptides, 88. Synthesis of biologically active
cyclopeptides, 26.

For part 87, see: Schmidt, U.; Riedl, B.; Haas, G.; Griesser, H.;
Vetter, A.; Weinbrenner, S. Synthesis, in press.

For part 25 see:

Schmidt, U.; Stibler, F. J. Chem. Soc., Chem. Commun., in
press.

(3) Schmidt, U.; Meyer, R.; Leitenberger, V.; Lieberknecht, A.
Angew. Chem. 1989, 101, 946; Angew. Chem. Int. Ed. Engl.
1989, 28, 929.

(4) Schmidt, U.; Meyer, R.; Leitenberger, V.; Lieberknecht, A;
Griesser, H. J. Chem. Soc., Chem. Cominun. 1991, 275.

(5) Schmidt, U.; Meyer, R.; Leitenberger, V.; Griesser, H.; Lie-
berknecht, A. Synthesis in press.

(6) Carlstrom, A.; Frejd, T. J. Chem. Soc., Chem. Commun. 1991,
1216.

(7) Brown, A.G.; Crimmin, M.J.; Edwards, P.D. J. Chem. Soc.,
Perkin Trans. 11992, 123.

(8) Brown, A.G.; Edwards, P.D. Tetrahedron Lett. 1991, 31, 6581.

SYNTHESIS

(9) Isolation and structure: Ezaki, M.; Iwami, M.; Yamashita, M..;
Hashimoto, S.; Komori, T.; Umehara, K_; Mine, Y.; Kohsaka,
M.; Aoki, H.; Imanaka, H. J. Antibiot. 1985, 38, 1453.
Uchida, I.; Shigematsu, N.; Ezaki, M.; Hashimoto, M.; Aoki,
H.; Imanaka, 1. J. Antibiot. 1985, 38, 1462.

Uchida, I.; Ezaki, M.; Shigematsu, N.; Hashimoto, M. /. Org.
Chem. 1985, 50, 1342.

(10) Configuration: Kannan, R.; Williams, D.H,. J. Org. Chem.
1987, 52, 5435.

(11) Configuration and conformation: Hempel, J.C.; Brown, F.X.
J. Am. Chem. Soc. 1989, 111, 7323.

Brown, F.K.; Hempel, J.C.; Dixon, J.S.; Amato, S.; Mueller,
L.; Jeffs, PW. J. Am. Chem. Soc. 1989, 111, 7328.

(12) The antibiotic LL-AF 283 ,'>'# isolated from the fermenta-
tion of Streptomyces filipinensis is identical with biphenomycin
A while LL-AF B represents biphenomycin A with an additio-
nal arginine unit (1¢).

(13) Chang, C.C.; Morton, G.O.; James, J. C.; Siegel, M. M.; Kuck,
N.A,; Testa, R.T.; Borders, D.B. J. Antibiot. 1991, 44, 674.

(14) Martin, J.H.; Mitscher, L. A.; Shu, D.; Porter, J. N.; Bohonos,
N.; DeVoe, S.E.; Patterson, E.L. Antimicrob. Agents. Chemo-
ther. 1967, 422.

Martin, J.H.; Porter, J.N.; Mitscher, L.A. U.S. Patent
3452136 June 24 (1969).

(15) Schmidt, U.; Leitenberger, V.; Meyer, R.; Griesser, H. J. Chem.
Soc., Chem. Commun. 1992, 951.

(16) Sharp, M.J.; Cheng, W.; Snieckus, V. Tetrahedron Lett. 1987,
28, 5093.

(17) Negishi, E.; King, A.O.; Okukado, N. J. Org. Chem. 1977, 42,
1821.

(18) Noyori, R.; Ikeda, T.; Ohkuma, T.; Widhaim, M.; Kitamura,
M.; Takaya, H.; Akutagawa, S.; Sayo, N.; Saito, T.; Taketoni,
T.; Kumobayashi, H. J. Am. Chem. Soc. 1989, 111, 9134.

(19) Mashima, K.; Kusano, K.; Ohta, T.; Noyori, R.; Takaya, H.
J.Chem. Soc., Chem. Commun 1989, 1208.

Mashima, K.; Matsumura, Y.; Kusano, K.; Kumobayashi, H.;
Sayo, N.; Hori, Y.; Ishizaki, T.; Akutagawa, R.; Takaya, H. J.
Chem. Soc., Chem. Commun. 1991, 609.

(20) Schmidt, U.; Lieberknecht, A.; Wild, J. Angew. Chem. 1982, 94,
797; Angew. Chem. Int. Ed. Engl. 1982, 21, 770; Angew. Chem.
Suppl. 1982, 1682.

Schmidt, U.; Lieberknecht, A.; Wild, J. Synthesis 1984, 53.

(21) Schmidt, U.; Griesser, H.; Leitenberger, V.; Mangold, R.;
Meyer, R.; Riedl, B. Synthesis 1992, 487.

(22) Knowles, W.S.; Sabacky, M.J.; Vineyard, B.D.; Weinkauff,
D.J. J. Am. Chem. Soc. 1975, 97, 2567.

Vineyard, B.D.; Knowles, W.S.; Sabacky, M.J.; Bachman,
G.L.; Weinkauff, D.J. J. Am. Chem. Soc. 1977, 99, 5946.
For a new synthesis of the ligand, see: Schmidt, U.; Riedl, B.;
Griesser, H.; Fitz, C. Synthesis 1991, 655.

(23) Evans, D.A.; Weber, A.E. J. Am. Chem. Soc. 1986, 108, 6757.

(24) Schmidt, U.; Meyer, R.; Leitenberger, V.; Stibler, F.; Lieber-
knecht, A. Synthesis 1991, 409.

(25) Schmidt, U.; Lieberknecht, A.; Griesser, H.; Talbiersky, J. J.
Org. Chem. 1982, 47, 3261.

In a two-phase system: Schmidt, U.; Utz, R.; Lieberknecht, A.;
Griesser, H.; Potzolli, B.; Bahr, J.; Wagner, K.; Fischer, P.
Synthesis 1987, 236.

Schmidt, U.; Kroner, M.; Griesser, H. Tetrahedron Lett. 1988,
29, 4407.

(26) Yajima, H.; Fuji, N.; Funakoshi, S.; Watanabe, T.; Murayama,
E.; Ozaka, A. Tetrahedron 1988, 44, 805.

(27) Devos, A.; Remoin, J.; Frisque-Hesbain; Colens, A.M.; Gho-
sez, L. J. Chem. Soc., Chem. Commun. 1979, 1180; Org. Synth.
1979, 59, 26.

Downloaded by: Simon Fraser University Library. Copyrighted material.



